Octadecylsulfuric Acid Properties of the Acid,
Amine Salts, and Salts of Amino Acids:

N A CONTINUATION of previous work on tallow alco-

hol sulfates (9) it became of interest to prepare

and isolate long-chain alkylsulfuric acids, in par-
ticular, octadecylsulfuric acid. The purpose was to
study the stability and properties of the free acid
and to make use of the acid in the rapid screening of
a variety of salts for detergent and surface-active
properties.

Only a few references are known which concern
the preparation and description of long-chain alkyl-
sulfuric acids. Dodecylsulfuric acid was prepared by
Ross and co-workers (7) as a flaky, hygroscopie, erys-
talline mass, by sulfation of dodecanol with chloro-
sulfonic acid by using liquid sulfur dioxide as the
solvent. Dodecyl- and hexadecylsulfuric acids were
prepared by Desnuelle and co-workers (3) by acidifi-
cation and extraction of aqueous solutions of the so-
dium salts. By the use of conditions which minimize
or exclude moisture we have found a direct method
for the preparation and isolation of dodecyl-, tetra-
decyl-, hexadecyl-, and octadecylsulfuric acids in a
pure state. , :

Preparation of Alkylsulfuric Acids

Chlorosulfonic acid was the preferred reagent for
the sulfation of the long-chain alcohol and isolation
of the alkylsulfuric acid, according to the equation:

ROH + C1S0;H — ROSO;H + HCl, where R
is CioHas, C14Hgg, C16Has, or C1sH37

Chloroform was found to be the best solvent in
preference to carbon tetrachloride or tetrachloroethyl-
ene. Solvent ratios ranged from 3-5 ce. chloroform/g.
of aleohol with higher ratios for the higher homologs.
The purified alcohols prepared from good commercial

grades by vacuum distillation and low-temperature '

crystallization methods had the following constants:

n-dodecanol, £.p. 24.1°, n2%/? 1.4410; n-tetradecanol, -

m.p. 37.2-38.0°, n%/P 1.4318; n-hexadecanol, m.p.

49.3-49.6°, n®/> 14359; n-octadecanol, m.p. 58.1-

58.6°, n%%/P 1.4380.
Chlorosulfonic acid in 8% excess was added drop-
wise to a dispersion or solution of 0.2 mole of the

long-chain aleohol in chloroform with rapid stirring.

The mixture was gradually warmed to 25-30°, cooled
to 0°, allowed to crystallize, and filtered at 0° un-
der low humidity conditions. Because of greater sol-
ubility, dodecyl- and tetradecylsulfuric acids were
crystallized at —20°, then filtered at 0°. Figure 1
illustrates the filtration process, outlined as follows.

a) A synthetic filter medium of polyethylene was used to
insure rapid filtration. Filtration was slow when filter paper
was used, apparently because parchment was formed in the

presence of the sulfating agent.
~ b) Alayer of inert vinyl sheeting, such as Dow Saran ‘Wrap,
was loosely placed over the top of the Buchner funnel to sep-
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arate the product from the rubber dam used to exclude mois-
ture. Direct contact with rubber stains the product and
deteriorates the rubber. : :

¢) Filtration at 0° was accomplished in a refrigerated room
to maintain low humidity eonditions. Octadecylsulfuric acid
has the highest melting point, is the least soluble, is the least
hygroscopic, and may be filtered at room temperature, exclud-
ing moisture (Figure 1).

d) Solvent removal was completed in a vacuum desiceator in
the refrigerated room at 0°. Change of the desiceant, CaSOs,
every two hours shortened the time by 50% and allowed com-
plete solvent removal in 6-8 hrs.

TABLE I
Alkylsulfuric Acids

Analysis
Alkyl N.E.2 % S
Found Caled. | Found Caled.
Dodecyl 260 | 266 11.63 | 12.04
Tetradecyl......cvvvrinnrirnninsnenenenenesd - 296 294 10.88 10.89
Hexadecyl.....cooeeviirrirnnnnn 326 323 9.72 9.94
Octadecyl..ccceeuuennnnnes 354 351 9.14 9.15
Melting | - Yield | Purity® M. P.
point Z3 % alcohol
Dodecyl.. 25-17° 65 97 24.1¢
Tetradecyl 37-9° 75 98 37.2—38.0
Hexadecyl 40-2° 53 99+ | 49.3—49.6
Octadecyl 51-2° 65 994 | 58.1-58.6

a Neupra,liza,tion equivalent.
b Purity by conversion to the sodium alkyl sulfate and analysis for Na.
¢ Freezing point.

Table I lists the analysis, melting point, yield, and
purity. The alkylsulfuric acids are white erystalline
solids, the hygroseopic nature of which increases with.
decreasing chain length. The relative purity of the
acids shown by analysis and melting point was con-
firmed by conversion to the sodium alkyl sulfate and
analysis for sodium. The yields obtained reflect the
solubility of the acids under the particular conditions
of solvent ratio and crystallization temperature.

Stability .on Storage

The four alkylsulfuric acids were stored in screw-
cap bottles at 0° and were analyzed periodically. Do-
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decylsulfuric acid was the most difficult to prepare in
a pure state and appeared to decompose or hydro-
lyze to the extent of about 15% in one week, judged
by a decrease in the neutralization equivalent. The
other three acids showed no significant change after
storage for several months at 0°. Storage of octa-
decylsulfuric in a screw-cap bottle for one year at
room temperature, with periodic analysis, showed
an increase of 18 units in the neutralization equiv-
alent corresponding to a moisture pick-up of 8-5%.
This acquisition of water is not to be confused with
hydrolysis. :

. Stability to Hydrolysis

Hydrolysis of a 0.05 molar solution of octadecylsul-
furie acid in distilled water at 100° was 50% in less
than half an hour, about equal to that for sodium
octadecyl sulfate acidified with an equivalent amount
of mineral acid. However at 60° (a frequently se-
lected washing temperature) the degree of hydrolysis
was only 10% after 3 hrs. and 16% after 7 hrs.
These kinetic data do not fit conventional rate ex-
pressions, probably because micellization occurs with
a decrease in the concentration of simple ions and
molecules. Conductance and pH measurements, in-
cluding measurements at both above and below the
critical micelle concentration, indicate that octadecyl-
sulfurie acid is about 50% ionized over a consider-
able concentration range. The c.m.c. by the dye titra-
tion method (2) is 0.0014%, or 0.0387 millimoles/1.,
about one-third of the value for sodium octadecyl
sulfate.

Salts of Octadecylsulfuric Acid

The usual method for the preparation of salts is by
neutralization of the sulfation mixture with the se-
lected base. Salts of amines and amino acids however

can be obtained in much better yield and purity in -
less time from the isolated octadecylsulfuric acid,

which is conveniently soluble in water, alcohol, or
chlorinated solvents.

The general procedure was to form the salt in
solution, using about 10% excess of the amine or
amino acid and to crystallize from the solution at
0°. Carbon tetrachloride was a suitable solvent for
the preparation of the triethylammonium (m.p. 70-
72.5°) and the triethanolammonium salt (m.p. 86-
86.8°). The salt with tris(hydroxymethyl)amino-
‘methane (m.p. 124-7°) and the glycine salt were
prepared in 95% ethanol. Salts with DL-leucine and
L-methionine were prepared by adding the solid amino
acid to a solution of octadecylsulfuric acid in abso-
lute ethanol. In the case of the last four salts of

Table II, excess of the amine and amino acid was

removed by filtration at room temperature prior to
crystallization. Melting points of the amino acid
salts were indefinite.

TABLE II
Salts of Octadecylsulfuric Acid

Analysis
Salt of amine or Yield
amino acid % 7% N %8

) Found | Caled. | Found | Caled.
Triethylamine.................. 66 2.98 3.10 6.90 7.09
Triethanolamine. 73 2.78 2.80 6.56 6.42
THAM?>.. 50 2.94 2.97 6.72 6.79
Glyecine.... 80 3.33 3.29 7.01 7.58
DL-Leuci: 51 3.14 2.91 6.78 6.66
L-Methionine... 65 2.78 2.80 -12.97 12.83

# Tris(hydroxymethyl) aminomethane (HOCHz) sCNHa:

Table IT lists the yield and analysis for six salts,
all of which are white crystalline solids more soluble
than sodium octadecyl sulfate in water. - Triethanol-
ammonium octadecyl sulfate, in particular, has a
solubility of about 10% at room temperature.

Surface-Active Properties

Table III lists the interfacial tension, emulsion
stability, foam height, wetting time, and detergency
values for-octadecylsulfuric acid and salts with am-
ines and amino acids. Values for sodium octadecyl
sulfate are included for comparison.

TABLE IIT
Surface-Active Properties. 0.1% Solution in Distilled Water

Inter- Emul- | Foam? | Wetting

€ ; g g Deter-
facial | sion sta-| height time
Compound tension |bility(1)| = (6) (8) |&mey®
25° 25° 60° 60°
dynes/ "
" em. seconds mm. seconds AR
Octadecylsulfuric acid.....| 10.4 1190 195 11 40.2
Triethylamine salt............ 7.0 690 190. 21 13.8
Triethanolammonium salt 7.0 730 190 20 19.0
THAMP salt 9.1 730 205 23 29.7
Glycine salt.. 6.5 1050 210 19 39.7
DL-Leucine 4.3 1170 180 26 9.9
L-Methionine salt..... 5.9 840 200 20 134
Sodium octadecyl sulfate.| 14.2¢ 7604 210 18 41.3

@ Salts were formed directly in aqueous solution.

b Tris (hydroxymethyl) aminomethane (HOCH:2)3CNHa.
¢ Not in complete solution at 25°.

4 Measured at 50° because of limited solubility. -

Surface and Interfacial Tension. The duNoiiy ten-
siometer was used. Surface tension ranged from 36.1
for the leucine salt to 41.6 for octadecylsulfuric acid;
the value for sodium octadecyl sulfate was 40.6 dynes/
em. Interfacial tension was measured against refinec
mineral oil. Salts of the amino acids had the lowesN
values. )

Emulsion Stability. Emulsions were prepared from
light petrolatum and an aqueous solution of the sur-
face-active agent (1, 9). The time in seconds required
for partial separation was a measure of emulsion
stability. Octadecylsulfuric acid and the salts with
glycine and DL-leucine appear to be very good emul-
sifying agents.

Foam Height and Wetting Time. Foam height was
measured by the Ross-Miles pour test (6) at 60°. The
range 180-210 seconds showed comparatively little

. difference in foaming properties for the eight com-

pounds. Wetting properties were measured by a
standard binding tape method (8). At 60° octadecyl-
sulfuric acid was the best wetting agent. Wetting
time for the various salts ranged only from 18-26
seconds.

Detergency. Detergency was measured as the in-
crease in reflectance AR after washing G.D.C. No. 26
(4)- standard soiled cotton in the Terg-O-Tometer:
10 swatehes/1., 20 min. 60°, 110 eycles/min. By an-
alysis of variance a difference in AR of 1.8 was sig-
nificant with 95% probability (5).

The salts used were prepared directly in aqueous
solution by adding equivalent amounts of acid and
base to hot distilled water. In addition to the com-
pounds listed in Table III, detergency values were
also obtained for salts of the following amines and
amino acids: iminodiacetic acid . (40.5), DIL-alanine
(34.3), ethanolamine (33.3), N-methylglucamine,

- (324), diethanolamine (30.5), and isopropanolamine

(17.0). Octadecylsulfuric acid -and salts with imino-



diacetic acid and glycine were about equal to sodium
octadecyl sulfate in detergency. DI-Alanine, ethan-
olamine, N-methylglucamine, diethanolamine, and
tris(hydroxymethyl) aminomethane salts were some-
what less effective, and the remaining salts were rel-
wtively poor detergents. Under these test conditions
detergency decreased with an increasing degree of
substitution at the nitrogen atom but increased with
a greater content of hydrophilic hydroxyl or earbox-
ylic acid groups.
Summary

Octadecanol, hexadecanol, tetradecanol, and dodec-
anol were sulfated with chlorosulfonic acid, and the
corresponding alkylsulfuric acids were isolated in a
pure state as white crystalline solids with definite
melting points. ' ‘

Octadecylsulfuric acid resembles sodium octadecyl
sulfate in detergent and surface-active properties and
in stability to hydrolysis at equal concentrations of
hydrogen ion. It is more soluble in water than so-
dium octadecyl sulfate and readily soluble in organie
solvents. The critical micelle econcentration (0.0387
millimoles/1.) is only about one-third that of the so-
dium salt. :

Isolation of octadecylsulfuric acid as a useful chemi-
cal intermediate made possible the preparation of a
number of salts with amines and amino acids and their
rapid sereening for useful properties.
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